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Use of covered chimney stents for pararenal aortic
pathologies is safe and feasible with excellent
patency and low incidence of endoleaks
Konstantinos P. Donas, MD,a Felice Pecoraro, MD,b Giovanni Torsello, MD,a Mario Lachat, MD,b
Martin Austermann, MD,a Dieter Mayer, MD,b Giuseppe Panuccio, MD,a and
Zoran Rancic, MD,b Münster, Germany; and Zurich, Switzerland
Background: To present the clinical experience of consecutive series with use of balloon-expandable and self-expanding
chimney endografts (balloon-expandable covered stent group [BECS] vs self-expanding covered stent group [SECS]) in
the endovascular treatment of challenging aortic pathologies requiring renal and/or visceral revascularization.
Methods: Between January 2009 and May 2011, data for 37 high-risk patients from one center and 35 patients from
another institution, with pararenal aortic pathologies treated by the chimney endovascular technique, were prospectively
collected. The chimney-graft technique is based on the deployment of a covered or bare-metal stent parallel to the aortic
endograft, thereby creating a conduit that runs outside the aortic main endograft, and has been proposed to ensure secure
proximal fixation extending the sealing zones.
Results: Forty-six consecutive target vessels (43 renal arteries and 3 superior mesenteric arteries) were revascularized
by the Advanta (Atrium, Hudson, NH) BECS (1.2 chimneys/patient); in contrast, 81 consecutive target vessels (64
renal arteries, 11 superior mesenteric arteries, and 6 celiac trunks) were revascularized by the Viabahn (Gore,
Flagstaff, Ariz) SECS (2.3 chimneys/patient). The success rate for target vessel preservation was 97.8% for the BECS
group and 100% for the SECS group in the entire follow up. There was one symptomatic left renal artery occlusion
of the BECS group treated by open thrombectomy of the left renal artery and placement of 8-mm Dacron (BBraun,
Aesculap AG, Tuttlingen, Germany) iliorenal bypass. Additionally, one patient underwent repeat balloon angio-
plasty with a 5-mm balloon due to high-grade in-stent stenosis of a 6  59 Advanta stent graft 12 months
postoperatively. Overall, one perioperative (and not present in the computed tomography angiography at discharge)
type Ia endoleak was detected in the BECS group. In contrast, five perioperative type Ia endoleaks were present in
the SECS group; however, only one of them was persistent in the radiological imaging and was treated by proximal
extension of a 5-mm cuff, 1 year postoperatively, due to continuous aneurismal sac increase. No patient of any
subgroup developed postoperative persistent renal insufficiency with need of hemodialysis. Thirty-day and during
the follow-up procedure-related mortality was 0% for both BECS and SECS groups.
Conclusions: In summary, midterm results of use of covered chimney stents for pararenal aortic pathologies show safety
and feasibility with excellent patency and low incidence of endoleaks. ( J Vasc Surg 2012;55:659-65.)
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vOpen repair of aortic aneurysms with involvement of
side branches is technically demanding, requiring advanced
surgical skills, and can be associated with severe complica-
tions such as impaired renal function and dialysis, myocar-
dial infarction, or abdominal wall hernias and bowel isch-
emia or gangrene, occasionally.1-3 Endovascular means
may offer a less invasive alternative procedure, especially for
patients with severe comorbidities deemed unfit or high
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doi:10.1016/j.jvs.2011.09.052isk for open repair. However, the main concern remains
he insufficient neck of these aneurysms with possible inad-
quate sealing of the endografts.
The chimney graft technique is based on the deploy-
ent of a covered or bare-metal stent parallel to the aortic
ndograft, thereby creating a conduit that runs outside the
ortic main endograft, and has been proposed to ensure
ecure proximal fixation extending the sealing zones. How-
ver, the published literature represents an encouraging4-8
ut limited preliminary experience.
The main issue of the chimney technique remains the
election of chimney devices. Numerous options, including
are and covered self-expanding or balloon-expandable chim-
ey grafts, have been already reported.4-8 The published series
re inhomogeneous, and no consensus exists regarding chim-
ey graft selection.4-8 The present article reports on the clinical
xperience of consecutive series of two leading European cen-
ers with the use of balloon-expandable versus self-expanding
himney endografts (balloon-expandable covered stent [BECS]
s self-expanding covered stent group [SECS]) in the endo-
ascular treatment of challenging aortic pathologies requiring
enal and/or visceral revascularization.
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Between January 2009 and May 2011, data for 37
high-risk patients from Münster, Germany and 35 from
Zurich, Switzerland with pararenal aortic pathologies
treated by the chimney endovascular technique were pro-
spectively collected. Patients’ demographics and aneurysm
characteristics are shown in Table I.
Preoperative investigations. All patients underwent
a contrast-enhanced computed tomography angiography
(CTA) of the thorax, abdomen, and pelvis in order to study
access to the vessels and aortic pathology and to delineate
visceral and renal morphology and iliofemoral anatomy.
Definitions. The inadequate landing zone for the
graft below the target vessels (neck: 9 mm) precluded
conventional endovascular treatment; otherwise, in case
of open repair a suprarenal aortic clamping would be
necessary.
Anatomical preconditions for the use of chimney tech-
nique were the presence of at least 15-mm neck distance
between the target vessel which needs chimney graft im-
plantation and the first aortic side branch above the covered
stent; patent subclavian artery; healthy descending aorta;
absence of extensive thrombus in the aortic arch and para-
renal segment; and, finally, down-channel direction of the
target vessels was also a prerequisite in the clinic in Mün-
ster, Germany. In case of involvement of more than two
branches in the pararenal aortic pathology, use of fenes-
trated endografts was preferred inMünster, Germany. Dur-
ing the study period, 34 patients underwent fenestrated
endovascular aortic aneurysm repair (f-EVAR). In contrast,
involvement of more than two branches was not an exclu-
sion criterion for chimneys in the Zurich group.
Patients were classified as high-risk for surgical repair in
case of serious comorbidities (more than three, such as
chronic obstructive lung disease, congestive heart failure,
and coronary artery occlusive disease); American Society of
Table I. Patients demographics and characteristics
Age, years
Men
Size of the aneurysm, cm
Infrarenal with short neck (9 mm)/pararenal aneurysm
Pseudoaneurysm
Endoleak type I
Creatinine (mg/dL, mean  SD)
Estimated glomular filtration rate (mL/min/1.73m2, mean  SD
Comorbidities
Cardiac
Renal (creatinine 100mg/mL)
Respiratory
Previous aortic intervention
Previous aortocoronary bypass or intervention
Previous myocardial infarction
Informed consent was obtained from all patients.Anesthesiologists (ASA) score of three or more; previous syocardial infarction; coronary stent or bypass; or redo
ases (abdominal and/or iliac aortic repair).
Patients with pararenal degenerative aortic aneurysm
PAAA; 5.5 cm of diameter), persistent type I endoleak
fter conventional EVAR, and proximal para-anastomotic
seudoaneurysms after OR, were included in our study.
atients with thoracoabdominal aortic aneurysms (TAAAs)
ere not included in the study due to the fact that Advanta
Atrium, Hudson, NH) stent grafts longer than 59 mm are
ot available, and it is not possible to use them as chimneys
r reversed chimneys in clinical entities such as TAAAs.
dditionally, ruptured, mycotic, or inflammatory PAAAs
ere also not included in our study.
The end points of our study were 30-day mortality,
rimary and assisted target vessel patency, deterioration of
enal function, and endoleaks rate.
Chimney endovascular technique. All procedures in
ünster, Germany were performed in a hybrid operating
oom under fluoroscopic control (Axiom Artus FA; Sie-
ens Medical Solutions, Forchheim, Germany) with a
otally percutaneous approach for the main abdominal
ndograft using the Prostar XL 10-F vascular closure
evice (Abbott Vascular, Abbott, Park, Ill). The first step
onsisted of bilateral common femoral artery cannula-
ion with two short 8-F sheaths and advancement of a
.035-inch hydrophilic guidewire (Radifocus; Terumo
edical, Tokyo, Japan) into the aorta. A 5-F pigtail
ngiographic catheter (Cordis Endovascular, Miami
akes, Fla) was positioned immediately above the ostium
f the renal arteries. The chimney grafts were advanced
n the renovisceral aortic segment via an open or percu-
aneous brachial approach and use of a 6-F or 7-F shuttle
heath (Cook, Bloomington, Ind). The target vessels
renal arteries or superior mesenteric artery [SMA]) were
annulated with a 5-F catheter (Angiodynamics Inc,
ueensbury, NY), and after change of the transbrachial
Balloon-covered
expandable stent
group
Self-expanding
covered stent
group P
74.5  7.3 72.4  8.3 .07
34/37 30/35 .32
6.2 6.6 .11
36/37 25/35 .002
0/37 6/35 .01
1/37 4/37 .15
1.2  0.5 1.2  0.9 .34
63  28 54.1  9 .40
27 29 .24
8 13 .12
11 19 .03
11 15 .18
11 9 .45
9 8 .55)tiff guide wire with the Rosen wire (Infiniti Medical,
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Volume 55, Number 3 Donas et al 661Malibu, Calif), which has a tight less traumatic J tip, the
sheath was placed into the target vessel. The Rosen wire
provides adequate support for the advancement of the
chimney graft, while at the same time minimizing the risk
of distal wire injury to the renal artery branches. At least
one Advanta balloon-expandable stent graft was used as
a chimney graft to preserve flow to the overstented renal
artery and synchronously extend the proximal fixation
zone for the aortic stent graft in all cases. The deploy-
ment of the chimney stent at least 2 mm in the target
vessel and at least 2 mm in the aortic segment followed
the deployment of the main abdominal stent graft. After
chimney deployment, a synchronous kissing ballooning
of chimney-covered stent and main stent graft was
performed.
The Advanta stent grafts are available in 16, 22, 38, and
59 mm. The majority of the patients received 59-mm stent
grafts (18/37); in six patients, 22-mm endografts were
placed, and in 13 patients, 38-mm endografts were placed.
In Zurich, Switzerland, an analogous technique was
employed for the chimney positioning and deployment
into the visceral arteries. All procedures were performed
under fluoroscopic control (Zeego Artus FA; Siemens
Medical Solutions, Forcheim, Germany). In most of the
cases, a combined surgical and percutaneous approach was
used to access femoral arteries. In percutaneously-accessed
femoral arteries,9,10 a Perclose Proglide vascular closure
device (Abbott Vascular, Abbott, Park, Ill) was employed.
The chimney stent graft was introduced via surgical ap-
proach to the left axillary artery according to the number of
planed chimney and the vessels’ morphology. In all cases, at
least one Viabahn self-expanding covered stent (Gore,
Flagstaff, Ariz) was deployed into at least one visceral
artery. After chimney deployment, a Fox Cross percutane-
ous transluminal angioplasty balloon (Abbott Vascular) was
positioned into the chimney-covered stent and left in place.
Subsequently, the main stent graft was deployed, and a
synchronous ballooning of chimney-covered stent and
main stent graft was performed. One-mm oversizing is
adopted for chimney; for the main graft, a Reliant balloon
(Medtronic Inc, Minneapolis, Minn) was employed.
Follow-up protocol included physical examination and
abdominal duplex ultrasound (DUS) at discharge, at 6
months, at 1 year, and yearly thereafter. CTA and plain
X-ray of the device in two projections were additionally
performed after endovascular treatment prior to hospital
discharge, then at 6months, at 1 year, and yearly thereafter.
In the BECS group, mean follow up was 15.9  11.9
months (range, 1-29 months); in the SECS group, it was
12.1  3.9 months (range, 1-26 months). All secondary
graft-related procedures performed in the perioperative
period and during the follow-up time were described and
analyzed. Secondary procedures included all reinterven-
tions performed due to technical problems related to the
graft or to the ancillary components (endoleak, migration,
limb graft stenosis/thrombosis, stent dislocation, in-stent
stenosis/occlusion). tStatistical analysis was performed by means of SPSS 15.0
or Windows (SPSS Inc, Chicago, Ill). The Student t and 2
ests were employed for statistical analysis of normally distrib-
ted variables; nonparametric data were analyzed with the
ilcoxon rank-sum test. Midterm results in terms of chimney
raft primary patency and freedom from type I endoleak were
ssessed with Kaplan-Meier curves.
ESULTS
Between January 2009 and May 2011, 46 consecutive
arget vessels (43 renal arteries and 3 superior mesenteric
rteries) were revascularized by the Advanta BECS inMün-
ter, Germany (1.2 chimneys/patient); in contrast, 81 con-
ecutive target vessels (64 renal arteries, 11 superior mes-
nteric arteries, and 6 celiac trunks) were revascularized by
he Viabahn SECS in Zurich, Switzerland (2.3 chimneys/
atient). A significantly higher number of vessels were
evascularized in the SECS group (P  .001). The success
ate for target vessel preservation was 97.8% for the BECS
nd 100% for the SECS in the entire follow up, and no
ifferences were observed between the two treatment
roups (P  .36).
There was one symptomatic left renal artery occlusion
f the BECS group. The patient suffered from left flank
ain 45 days postoperatively. The chimney graft to a left
enal artery (Advanta 6 mm  59 mm) was occluded (Fig
). The patient underwent open thrombectomy of the left
enal artery and placement of 8 mmDacron (BBraun, Aescu-
ap AG, Tuttlingen, Germany) iliorenal bypass. Postopera-
ively, he suffered from myocardial infarction, but urgent
oronary angiography showed good collateralization, so no
urther intervention was needed. The patient recovered com-
letely; resting renal scintigraphy showed 36% perfusion for
he left side and 64% for the right side. Creatinine value
ncreased to 1.6 mg/dL from 0.9 mg/dL. Additionally, one
atient underwent repeat balloon angioplasty with 5-mm
alloon due to high-grade in-stent stenosis of a 6  59
dvanta stent graft, 12 months postoperatively. Overall, in
he BECS group, one perioperative type Ia endoleak was
etected in the final angiography that was not present in the
TA at discharge. In the same group, two type II endoleaks
ere detected.
No complication related to chimney graft occurred in
he SECS group (Fig 1). A renal hematoma without func-
ional renal parameters alteration was treated conservatively
n one patient. In the SECS group, a perioperative type I
ndoleak was present in the final angiography in five cases
14.2%) and a type II in four cases (11.4%). A statistical
ifference between the two group was not achieved in the
ccurrence of perioperative endoleak (P  .21). No ad-
unctive procedures were performed to treat the type I
ndoleaks because they were considered as “low flow” due
o their significant delayed appearance at contrast injection.
t mean follow up of 12.1 3.9 months, three of the type
endoleaks disappeared; one is under radiological surveil-
ance with 2 mm aneurismal sac decrease 12 months post-
peratively. The remaining persistent type I endoleak was
reated by proximal extension of a 5-mm cuff, 1 year
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March 2012662 Donas et alpostoperatively, due to continuous aneurismal sac increase
(Fig 2).
In the SECS group, a three- and four-vessel chimney
revascularization was employed in five patients each. In this
subgroup of 10 patients within the SECS group, the chim-
ney technique was employed to treat a pararenal aneurysm
Fig 1. Primary paten
Fig 2. Freedom from type I endoleak for the two subgroups.in six cases, a pseudoaneurysm in three cases, and a type Ia endoleak in one case. A type I endoleak occurred in one
ase and a type II in one case in the subgroup of three and
our chimneys at mean follow up of 12.1 3.9months. No
tatistically significant difference was observed within the
ECS group between patients with one or two chimneys
nd patients with three or four chimneys in endoleak
ccurrence.
The overall estimated pre- and postoperative median
stimated glomular filtration rate (eGFR) in the BECS
roup was 63  28 mL/min/1.73 m2 and 68  31
L/min/1.73 m2 (P  .68). The median pre- and post-
perative creatinine values were 1.2 0.8mg/dl and 1.1
.1 mg/dl (P  .72). In the SECS group, mean preoper-
tive eGFR was 54.14  8.49 mL/min/1.73m2; at dis-
harge it was 55.97  7.08 mL/min/1.73m2 (P  .35).
he median pre- and postoperative creatinine values were
imilar to the BECS group (ie, 1.2 0.9 mg/dl and 1.1
.0 mg/dl; P  .22). No patient of any subgroup devel-
ped postoperative persistent renal insufficiency with need
f hemodialysis. An overview of operative data and periop-
rative results is shown in Table II.
Mortality. Thirty-day and during the follow-up
rocedure-related mortality was 0% for both BECS and
ECS groups.
ISCUSSION
The present study of prospectively-collected data high-
ights for the first time in the literature the clinical experi-
chimney stent grafts.nce of use of balloon-expandable and self-expanding
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Volume 55, Number 3 Donas et al 663chimney stent grafts in the treatment of pararenal aortic
pathologies, presenting the largest consecutive series in the
literature. The patency of both subgroups was excellent (ie,
97.8% and 100%), for the BECS and SECS, respectively.
The occurrence of five perioperative type Ia endoleaks of
“low flow” in the SECS group versus one type Ia endoleak
in the BECS group was less important due to the fact that in
only one of them an adjunctive procedure was necessary
with implantation of a cuff. Regarding “the renal side of the
story,” no patient suffered from a persistent deterioration
of the renal function postoperatively. Rather, the median
pre- and postoperative creatinine values were decreased
in both groups from 1.2  0.8 mg/dl to 1.1  5.1 mg/dl
for BECS and from 1.2  0.9 mg/dl to 1.1  3.0 mg/dl
for the SECS group.
Treatment of pararenal aortic pathologies may be tech-
nically demanding and challenging, due to the often com-
mon origin of relevant side branches such as the renal
arteries and/or visceral vessels with potential deterioration
of the blood perfusion in these vessels until end organ
Table II. Procedure details and 30-day outcomes for patie
Target vessel preservation, %
Procedure-related mortality, %
Operation duration, min
Contrast medium, ml
Fluoroscopic time, min
Mean vessels per patient
Renal artery chimney
Right
Left
Superior mesenteric artery chimney
Celiac trunk chimney
Bilateral renal artery chimney
Types of chimney stent/stent graft
Covered balloon-expandable (Advanta)
Covered self-expanding (Viabahn)
Procedural time for the covered stent deployment part, min
Target vessel dissection
Occurrence of embolization
Endoleak (type I, II, and III)
Type I (perioperative)
Type Ia endoleak (between covered stent and target artery)
Type Ib endoleak (between covered stent and target artery)
Type I (persistent)
Type II
Type III endoleak (between main stent graft and covered stent)
Target vessel diameter
Chimney graft diameter (mm)
Additional placement of bare metal stents
Self expanding stents (SMART)
Balloon-expandable stents (Palmaz)
Abdominal endograft
Endurant
Zenith
Excluder
Evita
NA, Not applicable.ischemia. mThe main concern of conventional endovascular ab-
ominal aortic repair (EVAR) remains the short or absent
neurysm neck and the consecutive inadequate sealing of
he endografts.
The chimney graft technique is based on the deploy-
ent of a covered or bare-metal stent parallel to the main
ortic endograft, thereby creating a conduit that runs out-
ide the aortic main endograft in a totally endovascular way.
There is no consensus or recommendation in the cur-
ent literature about the suitable type of chimney grafts.
enerally, BECS such as the Advanta are characterized by
igh radial force and good fluoroscopic visibility, which
llows precise placement of the bridging devices in the
arget vessels. It seems that the Advanta stent graft in the
arget vessel after flaring with in-stent graft balloon dilata-
ion is excellent at presenting a good sealing after in-stent
alloon angioplasty, which allows an increased conform-
bility and adaptability of the device in the target vessel.
dditional placement of self-expanding bare stent increases
he flexibility of the BECS; on the other hand, additional
reated by chimney endovascular repair
Balloon-covered
expandable stent
group
Self-expanding
covered stent
group P
97.9% 100% .36
0% 0% NA
89  21 266  72 .001
112  23 103  32 .25
44.8  13.2 51.5  17.5 .18
1.2 2.3 .001
43/46 64/81 .02
22 31 .35
21 33 .71
3 11 .26
0 6 .09
6 30 .001
46/46 — NA
— 81/81 NA
21 34 .03
0/46 0/81 NA
0/46 0/81 NA
3/37 9/35 .12
1 (2.7%) 5 (14.2%) .21
1/46 4/81 .40
0/46 1/81 .64
0 (0%) 1/35 (2.8%) NA
2 (5.4%) 4 (11.4%) .62
0 0 NA
5.5 5.8 .62
6.3 6.8 .58
16/46 3/81 .001
11/46 0/81 .001
0/46 3/81 .11
36/37 6/35 .001
1/37 1/35 .74
0/37 20/35 .001
0/37 8/35 .002nts taterial in the small diameter target vessels may provoke
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March 2012664 Donas et alsignificant reduction of the patent lumen with final occlu-
sion of the device.
In contrast, SECSs are characterized by remarkable
flexibility and kink resistance. These characteristics are the
reasons for the excellent patency of 100% during the entire
follow-up period of the Zurich group. Moreover, it seems
that the higher number of chimney grafts/target vessels is
also successful without evidence of significant lumen reduc-
tion and clinical consequence. This an important conclu-
sion because self expanding stents have less radial force
compared with balloon-expandable stents.
Grenville et al11 conducted a study to assess the pullout
force (POF) of bridging stent grafts in an experimental
setup. They found that the balloon-expandable i-Cast (ie,
Advanta) resisted pullout and was comparable to Viabahn
and significantly superior to Fluency self-expandable cov-
ered stent (Bard, Tempe, Ariz). The authors recommend
use of Viabahn for renal and visceral revascularization due
to the high flexibility, kink resistance, high POF, and no
need for a supporting self-expanding stent, which can re-
duce the internal diameter of the lumen of the bridging
stent graft.
Additionally, chimney technique is feasible with all
standard abdominal endografts. Flexible devices with low
profile such as the Endurant stent graft (Medtronic Vascu-
lar, Santa Rosa, Calif) performed very well in combination
with balloon-expandable covered stents. The majority of
the Zurich patient group (57.2%) was treated by the Ex-
cluder (Gore) abdominal endograft. Coscas et al8 treated
16 patients with Zenith devices. This fact allows urgent
endovascular treatment of symptomatic or ruptured an-
eurysms with abdominal endoprostheses of the stock of
any vascular center. The technique is easy and less time-
consuming than fenestrated EVAR for physicians with
experience with conventional EVAR. Moreover, the chim-
ney technique is characterized by cost-effectiveness8 and less
radiation exposure12 compared with f-EVAR.
The published experience with use of chimney en-
dografts is increasing. Coscas et al8 highlight the issue of
the “gutters” located between the aorta, the stents, and the
abdominal endograft as major concern of the chimney
endovascular technique. The “gutters” might be the origin
of type Ia endoleaks. The French group used Fluency and
Advanta chimney grafts.8 However, the present study, with
more than 70 cases, showed that occurrence of type Ia
endoleak is rare. Only one case was persistent and needed
treatment with additional cuff placement.
Fenestrated endografts probably ensure better sealing
in case of involvement of more than two renovisceral ves-
sels. The Münster endovascular therapeutic algorithm of
pararenal aortic pathologies recommends the chimney
technique in case of involvement of one or two aortic side
branches, and f-EVAR in case of involvement of more than
two renovisceral vessels.13 However, the Zurich results
with implantation of more than two chimney grafts in the
majority of the cases showed also that multiple chimney
revascularization of the target vessels is safe at least for the
midterm. A quantitative increase of treated patients withararenal aortic lesions is probably necessary to draw robust
onclusions and to give recommendations if multiple chim-
eys (2) or f-EVAR have to be the preferable treatment
odality in case of aortic lesions with involvement of more
han two side branches.
One of the main limitations of the present retrospective
tudy is that the groups of patients from Zurich were more
omplex as they involved two or more side braches, which
s reflected by the longer operative and fluoroscopy times,
n contrast with the Münster group, where fenestrated
VAR was also offered. Moreover, the types of endografts
sed for the repairs were different between the two centers,
hich makes any comparison regarding superiority of per-
ormance of chimney grafts difficult. For instance, the
urich operators used primarily Excluder and Viabahn,
hereas the Munster ones chose Endurant and Advanta.
he selection bias in this study clearly makes robust inter-
retation of the results difficult.
In summary, chimney endovascular treatment is a novel
romising minimally invasive approach to treat demanding
ararenal aortic lesions. It seems that suprarenal fixation or
ot is not important due to the encouraging results of both
ubgroups. Covered stents as bridging devices for the re-
ascularization of the renovisceral vessels are recommended
s chimney grafts of first choice.
We would like to express a deep thanks to Thomas
fammatter, Insitute for Radiology, Zurich University
ospital, for the excellent and sustained collaboration and
upport.
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